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ABSTRACT 

Researched by the Office of Technology Assistance in 
response to a number of Congressional committees, this summary report 
addresses the long-term issues that technology and certain other 
factors will have or U.S. agriculture during the remainder of this 
century. It focuses on the? relationship of technology to the 
following: (1) agricultur 1 production; (2) structural change: (3) 
rural communities; (4) thi environment and natural resource base; (5) 
finance and credit; (6) research and extension; and (7) public 
policy. The assessment identifies many benefits that new technologies 
will create, but also cautions that these benefits will exact 
substantial costs in potential adjustment problems without policy 
changes. It suggests that careful analysis, planning, and 
implementation of public policy is needed. (KC) 
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Foreword 

American agriculture is undergoing significant change and stress. 
Much of the recent change has been attributed to the financial farm 
crisis caused mainly bj^ declining agricultural exports. However, under- 
lying these financial difficulties are strong technological and structural 
forces which will cause further changes and adjustments in American 
agriculture for the remainder of this century. 

Congress, concerned about the nature of these adjustments, requested 
the Office of Technology Assessment (OTA) to analyze the underlying 
technological, structural, and political forces which impact American 
agriculture and to determine the industry's probable future direction. 
Committees requesting the study include: the Senate Committee on 
Agriculture, the Senate Small Business Committee (the Subcommittee 
on the Family Farm), the Joint Economic Committee, the House Com 
niittee on Science and Technology, and the House Committee on Ag- 
riculture (the Subcommittee on Livestock, Dairy, and Poultry; the 
Subcommittee on Department Operations, Research, and Foreign Agri- 
culture; and the Subcommittee on Forests, Family Farms, and Energy). 

In the course of preparing this report, an interim report entitled A 
Special Report for the 1985 Farm Bill was transmitted to the request- 
ing committees for their use during the debates and the writing of the 
Food Security Act of 1985 {1985 Farm Bill). The speuial report focused 
on assessment findings that were particularly relevant for issues de- 
bated in that legislation. 

This report addresses the longer run issues that technology and cer- 
tain other factors will have on American agriculture during the re- 
mainder of this century. It focuses on the relationship of teclinology 
to: agricultural production, structural change, rural communities, envi- 
ronment and natural resource base, finance and credit, research and 
extension, and public policy. The assessment identifies many benefits 
that new technologies will create, but these benefits will also exact sub- 
stantial costs in potential adjustment problems without policy changes. 

OTA greatly appreciates the contribution of the advisory panel, work- 
groups, workshop participants, authors of the technical background 
papers, and the many other advisors and reviewers who assisted OTA 
from the public and private sector. Their guidance and comments 
helped develop a comprehensive report. As with all OTA studies, how- 
ever, the content of this report is the sole responsibility of OTA. 
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Technology, Public Policy, and the 
Changing Structure of American Agriculture 



Over the next 15 years, American farmers will be offered an extensive 
array of new biotechnologies and information technologies that could rev- 
olutionize animal and plant production. The adoption of these technol- 
ogies will be critical for shoring up the United States' lagging ability 
to compete in the international marketplace. Indeed, 83 percent of the 
estimated 1.8-percent c.nnual increase in agricultural production needed 
to meet world agricultural demand h} year 2000 must come from in- 
creases in agricultural yields, yields that can only be possible through 
the development and adoption of emerging technologies. 

Yet if current agricultural policies remain in force, this new biotech- 
nology and information technology era will also generate marked changes 
in the structure of the agricultural sector and of the rural communities 
that support farming. Some of these changes are already evident. Farm- 
ing is becoming more centralized, more vertically integrated. Large 
farms, though small in number, now produce most of this country 's agri- 
cultural output. Operators of suiall and moderate-size farms, the so-ualled 
backbone of American agriculture, are becoming increasingly less able 
to compete, partly because they lack access to the information and 
finances necessary for adopting the new technologies effectively , Many 
such farmers must relocate, change to other kinds of farming, or give 
up farming altogether. The disappearance of these farm operations is 
causing repercussions for other businesses in the rural community and 
for the labor pool i j general, which must absorb all those whose liveli- 
hood once dejiended on agricultural production. 

This report is the first step toward understanding the social and eco- 
nomic costs, as well as the benefits, of the emerging technologies for 
U.S. agriculture. It analyze, the dynamic forces influencing change in 
the structure of agriculture. Although technology was found to be an im« 
portant force in such change, it is only one of several such forces. Public 
policy, institutions, and economics havehad and will continue to have 
important roles in shaping agriculture. OTA analyzed the relationships 
between all these factors, focusing on the 150 production technologies 
that are likely to be available commercially over the next 15 years. 

AGRBCULTURAL DEPi^NSENCY ON WORLD MARKETS 

The financial condition of man} American farmers in the 1980s has 
significantly deteriorated during a long period of surpluses. The declint 
in agricultural experts it. largely responsible for this situation. And al- 
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though exports are not this report's central focus, the future of U.S. agri- 
cultural exports loom large in the background of this report. 

Agricultural exports have historically been responsible for lesoeriing 
the negative trade balance caused primarily by the manufacturing and 
energy sectors. This importance of agriculture to the balance of trade 
has increased significantly over the past 30 >ears. However, the past 
several years have witnessed a drop both in the value of U.S. agricul- 
tural exports and in agriculture's share of total U.S. exports. 

Several key factors are causally related to recent declines in U.S. agri- 
culture: 

1. a weak world economy, 

2. the strong value of the dollar, 

3. the enhanced competitiveness of other countries, 

4. an increase in trade agreements, and 

5. price support levels that permit other countries to undersell the 
United States. 

Although all of the factors are important, agricultural experts are begin- 
ning to focus on the lower costs of production in other countries as the 
long-term primary factor in the decline of this country's competitiveness. 
The United States faces strung competition in wheat, corn, rice, soy- 
beans, and cotton. Each of these major export commodities has been 
produced by at least one country at or belou the U.S. average produc- 
tion costs since 198 L Estimates suggest that an> historic cost advantage 
that the United States may have enjoved in these commodities is now 
tenuous. 

Future exports will depend on the ability of American farmers to use 
new teclinology to produce commodities more efficiently than compet- 
ing countries can. If the United States cannot effectively compete with 
other countries in the export market, reduced exports will magnify the 
structural change and adjustment that U.S. farmers and the rural com- 
munities will face because of technological change. 

EMERGING TECHNGLOGIES FOR AGRICULTURE 

Technology has made U.S. agriculture oneof the world s most pxuduc- 
tiv e and competiti v e industries. Americans hav e already witnessed the 
dramatic results of tw o major technological eras m agncultu re. The me- 
chanical era of 1920 to 1950 allowed farmers to make the transition from 
horsepower to mechanical power ard greatly increased the productive 
capacity of U.S. agriculture. The chemical era of 1950 to 1980 further 
increased agricultural productivity b> increasing the farmers' ability 
to control pests and disease and b> increasing the use of chemical fer- 
tilizers. Now, in the 1980s, American agriculture is being propelled by 
a new major technological thrust— the biotechnology and information tech- 
nology era. The effects of this new era on agricultural productivity may 
be more profound than those experienced from either the mechanical 
or chemical eras. 
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Below is abnef summary of the technologies examined for wU5> stud> . 
A 'more complete description of the 150 technologies caa oe found in 
chapter 2 of the full report. 

Biotechnology 

Biotechnology, broadly defined, includes any technique that uses liv - 
ing organisms or processes to makt. or modif> products, to improve plants 
or animals, or to develop micro-organisms for specific uses. It focuses 
on two powerful molecular genetic techniques, recombinant deoxyribo- 
nucleic acid (rDNA) and cell fusion technologies. Using these techniques 
scientists can visualize the gene— to isolate, clone, and study the struc- 
ture of the gene and the gene's relationships to the processes of living 
things (figure 1). Such knowledge and skills will give scientists much 
greater control over biological systems, leading to significant improve 
ments in tb3 production of plants and animals. 

Animal Agricuitufo 

In animal agriculture, advances in protein production, gene insertion, 
and embryo transfer will play a major role in increasing efficiencies in 
animal production. 

JProductionofProtein.— One major thrust of biotechnology in animals 
is the mass production in mic ro-organisms of protein-like pharmaceuti- 
cals, including a number of hormones, eniy mes, activ ating factors, amino 
acids, and feed supplements. Previously , these biological products could 
be obtained only from animal and human organs and were either un- 
available in sufficient amounts or were too costly. 



Figure 1.— Recombinant DNA Procedure 




Bacterial otiA plasmid 
(vector) 



An antma) geneisspltced tnto aodmei DNA (called a vector) tor insortiui iiito a miv/ro-(..'gamsm 
(a bacteriurn is shown) or alternate animal hosi cell, and i3 made to iKpiioate and express its 
protein product. 

SOURCE: Office of Technology Assessment. 
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Some of these biological products can be used for detection, preven- 
tion, and treatment of infectious and genr ^-c diseases; some can be used 
to increase animal production efficiency , one of the applications of these 
now pharmaceuticals is the injection of growth hormones into animals 
to increase production efficiency. For example, several firms are devel- 
oping a genetically engineered bov ine growth hormon^ to stimulate lac- 
tation m cows. Trial results indicate that cows treated with the hormone 
increase milk production by 20 to 30 percent, with only a modest in- 
crease in feed intake. Commercial introduction of the new hormone 
awaits approval by the U.S. Food and Drug Administration, which is 
expected to approve the hormone v/ithin the next 3 years. 

In the area of disease prevention and treatment, an immunological 
product currently exists on the market that prevents ''scours" in calves. 
In addition, vaccines produced by rDNA methods are currently being 
tested for foot-and-mouth disease, swine dysentery and, most recently, 
coccidiosis in poultry. 

Gene Insertion.->A new technique arising from the convergence of 
gene and embryo manipulations promises to pui mit genes for new traits 
to be inserted into the reproductive cells of livestock and poultry, pro- 
viding major opportunities to improve animal health and productivity. 
Unlike the genetically engineered hormones discussed above, which can- 
not affect future generations, gene insertion will allow future animals 
to be endowed permanently with traits of other animals. In inis tech- 
nique, genes for a desired trait, such as disease resistance or growth, 
are injected directly into either of the two pronuclei of a fertilized egg. 
On fusion of the pronuclei, the guest genes become part of all the cells 
of the developing animal, and the traits Ihey determine, are transmitted 
to succeeding generations. 

Embryo Transfer.- Embryo transfer, which is closely related to gene 
insertion, involves artificially inseminating a super-ovuIat?d donor ani- 
mal' and removing the resulting embryos nonsurgically for implanta- 
tion in surrogate mothers which then carry them to term. Prior to im- 
plantation, the embryos can be treated in a number of specidl ways. They 
canbe sexed, split (generally to make twins), fused with embryos of other 
animal species (to make chimeric animals or to permit the heterologous 
species to carry the embryo to term), or frozen in liquid nitrogen for 
storage Freezing is of great practical importance because it allows em- 
bryos to be stored until the cstt as of the intended farm animal is in syn- 
chrony with that of the donor. Embryos used for gene insertions must 
bo in the single-cell stage, having pronuclei that can be injected with 
cloned foreign genes. The genes likely to be inserted into cattle may be 
those for growth hormones, prolactin^ ^lactation stimulators), digestive 
en^mes, and interferons, thereby pruv iding both growth and enhanced 
resistance to diseases. 



animal thai has been injocUHi wilh a horinono to stimtihito dm produ. tiun i»l juuro ih-in iho 
nial number of eggs per ovulation. 
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Even though less than 1 percent of U.S. cattle arc involved in embryo 
transfers, the obvious benefits of this technology will push this percent- 
age upward rapidlj , particularly as the costs of the procedure decrease. 
Recently, a genetically superior Holstein cow and her 14 embryos were 
purchased for $1.3 million. 

Plant Agriculture 

The application of biotechnologies in plant agriculture cuuld modify 
crops so that they would make more nutritious protein, rubist inbuuts 
and disease, grow in harsh enviro ments. and provide their own nitro- 
gen fertilizer. While the immediate impacts will be greater for animal 
agriculture, the long-term impacts of biotechnology may bu&ubi>tantidlly 




Photo credit: US. Deputmant ol Aeilcuttuie. Agticulturti ResfMch Sanica 



Plant geneticist is determuitiig the structure of a soybean DNA segn.ent that 
resembles the movable- genetic elements first discovered m corn. Each band 
represents a * letter" or nucleotide, In the genetic code. 
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greater for plant agricuilure. The potential a^.pVu »aions of biolechnoN 
ogy on plant agriculture include microbial 'noculums,.plant propaga- 
tion, and genetic modification. 

Microbial Inocula.-Rhizobium seed inocula already are used widely 
to improve the nitrogen fixation c**certain legumeb. Exlenbive study of 
the structure and regulation of the genes involved in bacterial nitrogen 
fixation will likely lead to development of improved inocula. Moreover, 
research on other plant-colonizing microbes has led to a clearer under- 
standing of the role of these microbes in plant nutrition, growth stimu- 
lation, and disease prevention, and the possibility exists for the modifi- 
cation and use of these microbes as seed inocula. 

Monsanto has announced plans to field test genetically engineered 
soil bacteria that produce a naturally occurring in-ei-ticide potentially 
capable of protecting plant roots against soil-dwelling i nsects. The com- 
pany developed a genetic engineering technique that inserts into soil 
bacteria a gene from a micro-organism known a& Bacillus thuringien- 
SIS. a micro-organism that has been registered as an insecticide for more 
than two decades. Plant seeds could be coated with these bacteria be- 
fore planting. As the plants grow , the bacteria wuuld remain in ihe soil 
near the plant roots, generating an insect toxin that protects the plants. 

Plan! Propagation.^ Cell culture methods for toguneration of intact 
plants frcm single cells or tissue cxplants are now used routinely for 
propagation of several vegetable, ornam- Ual, and tree species. These 
methods can provide large numbers of genetically identical, disease-free 
plants that often exhibit superior growth and more uniformity over plants 
conyenlionally seed-grown. Such tecl.nology holds promise for breed- 
ing in important forest <!perjes whose bng sexual cvclas reduce the im-^ 
pact of traditional br-cring approaches. Somatic embryos^ produced 
in large quantities by cell culture methods can be encapsulated to create 
artificial seeds that may enhance propagation of certain L.rop species. 

Genetic Modification.-- Plant genetic engineering is the least estau- 
lished of fho various biotechnologies used in crop improvement, but the 
most likely to have a major impact. Using gene transfer techniques, it 
IS possible to introduce DNA from one plant into another plant, regard- 
less of normal species and sexual barriers. For example, it is possible 
to introduce storage-protein genes from French bean plants into tobacco 
plants and to introduce genes that encode photobvnthetic proteins in 
pea plants into petunia plants* 

Transformation technologj also allows introduution of DNA coding 
sequences irom virtually any source into plants, providing those se- 
quonces are engineered with the appropriate pi mt-genu regulylory sig- 
nals Several bacterial genes ha\ c now be»;n modified and shown to func- 
tion in plants By eliminating sexual barriers to gene transfer, genetic 
engineering will greatly increase a p!ant\s genetic diversity. 
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information Technology 

Animal Agriculture 

Information technology is the use of computer- and electronic-based 
technologies for the automated collection, manipulation, and process- 
ing of information for control and management of agricultural produc- 
tion and marketing. The most significant changes in future livestock 
production resulting froi** information techaology will come from the 
integration of computers and electronics into modern livestock produc- 
tion systems that will help make the farmer a better manager. Animal 
identification, animal reproduction, and disease control and prevention 
are some promising areas for information technology in livestock pro- 
duction. 

Electronic Animal Identification.— Positive identification of animals 
is iiocessary in all facets of management, including recordkeeping, in- 
dividualized feed control, genetic improvement, and disease control. 
Research on identification systems for animals has been in progress for 
some years. Soon, all farm animals will be ^tagged" shortly after birth 
by an electronic device, called a transponder, that lasts the life of the 
animal. For example, some dairy cows now wear a transponder in the 
ear or on a neck chain. A feed-dispensing device identifies the animal 
by the transponder's signal and provides an appropriate amount of feed 
for the animal. 

Reproduction.— The largest potential use of electronic devices in live- 
stock production will be in the area of reproduction and genetic improve- 




f^ttoto credits: Dr. S L Spahr, University of llUnois 



Left: Electronic animal identification unit around cow's neck with automatic 
dispensing grain stall in background. Cow goes into stall, is identified 
electronically, and has gram dispensed to her automaticdiiy. Using computer 
controls, the feed dispensed is individualized tO provide each cow a different 
amount of feed and a different protein percentage based her nutrient needs. 
Right; Example of microcomputer-babed system for onfarm use. This system 
collects, processes, stores, and retrieves mformation to control computer 
feeders and electronic milk flow meters. 
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ment. An inexpensive estrus detection device will allow. 1) animals to 
be rebred faster after weaning, 2) animals that did not breed to be culled 
from the herd, saving on feeding and breeding space, 3) time to be saved 
becau^.. breeding can be done faster, and 4) easier embryo transplants 
because of improved estrus detection. 

Disease Control and Prevention.— Herd recordkeeping systems for ani- 
mal health are already being developed and refined in the dairy, swine, 
and poultry industries. These recordkeeping systems will eventually be 
linked with the animal identificat' jn systems discussed above. Exam- 
ples of the types of information that can be recorded for each animal 
include production records, feed consumption, vaccination profiles, 
breeding records, conception dates, number of offspring, listing and dates 
of diseases, and costs of medicines for treatment or prevention of dis- 
ease. Bringing all this information together will allow the veterinarian 
and a manager of the livestock enterprise to analyze quickly a health 
profile for each animal and to plan for improved efficiency in disease 
control programs. 

Plont Agrievifure 

Pest Management.— Information technology is already being used in 
plant agriculture for the management uf insects and mites. Design im- 
provements and availability of computer hardware and software will 
produce marked changes in insect and mite management. 

Availability at the farm lev el of microcomputers, equipped with appro- 
priate software and having access to larger centralized dalababus, will 
accelerate transfer of information and facilitate pest management deci- 
sionmaking. The adv antages, simply in terms of information storage and 
retrieval, will be of major importance. The ready storage of and access 
to current and historical information on pest bio'ogy, incidence, and 
abundance; pesticide use, cropping histories, weather, and the like at 
the regional, farm, and ev en field level w ill facilitate selection of the appro- 
priate management unit and the design and implementation of pest man- 
agement strategies for that unit. 

Current software has already greatly impruv ed the efficiency and ac- 
curacy with which pest management decisions can be made and imple- 
mented. Much effort is being devuted to the development of new soft- 
ware and the improv ement of existing softvv are. The resultant products, 
in conjunction with the rapid advances being made in computer hard- 
ware, will provide a powerful force that will lead to dramatic changes 
in the implementation of integrated pest management (IPiM) and to in- 
creases in the level of sophistication of IPM. 

Irrigation Control Systems.— Because irrigation decisions are complex 
and require relatively large amounts of information, a microcomput- 
er-based irrigation monitoring and control system is especially useful 
in areas with soils hav ing v ariable percolation and retention rates, where 
rainfall is especially variable, or where the salinity of irrigation water 
changes unpredictably . In this system, a netw ork of sensors, with radio 
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links to the central processor, is buried in irrigated fields. Additional 
sensors may include weather station sensors to estimate crop stress and 
evaporation rates, salinity sensors^ and runoff sensors. The centralproc- 
essor uses such information to allocate water automatically ascurding 
to crop needs in each field, subject to considerations of cost, leaching 
requirements, and availability of water. 

Radar, Sensors, and Computers.— Through the use of radar, sensors, 
and computers the correct amount of fertilizer, pesticides, and plant 
growth regulators can be applied to plants by integrating tractor slip- 
page and chemical flow. The correct rate of application of most agricul- 
tural chemicals is usually within a narrow range for a gi\ en crop and 
field. Hovw'ever, application rates are often variable from area to area 
within a field, owing to changes in the flow rate of chemical slurries 
and to changes in tractor wheel slip, grading, and drawbar tension. Eco- 
nomic and environmental costs are associated with applications of loo 
little or too much chemicals. Control of application rate depends on the 
ability to estimate rate of flow through the chemical sprayer and on the 
vehicle's speed over the field. The speed indicated by sensors in the trac- 
tor drivetrain is usually greater than the actual speed o^ er the ground, 
owing to slippage of the drive wheels. The amount of slippage can be 
monitored by a doppler radar dev ice that compares actual speed to indi- 
cated speed in the drivetrain. When all this information is available, a 
computer can then adjust the spray line pressure to deli\ er the correct 
amount of chemicals at varying speeds and amounts of wheel slip. 



THE CHANGIKG STRUCTySS GF AGSSeULTURE 

Agriculture is entering a new technological era at a time when the char- 
acter of agriculture is changing rapidly. Emerging biotechnologies and 
information technologies w*ll be introduced within a sociot;conomic 
structure that has undergone considerable change in the last 50 years 
and that promises v continue to change throughout the remainder of 
this century. 

One of the best ways to look at changes in the economic structure of 
U.S. agriculture is in terms of v alue uf production as measured by gross 
sales per year. In this way faxms can be usefully classified Into fi\ e cate- 
gories of gross sales, as shown in table 1. 

Small and part-time farms generally do not provide a significant source 
of income to their operators. Must of these farmers obtain their primary 
net income from off-farm sources. However, this segment is highly di 
verse. This class of farms is operated eidier by subsistence farmers or 
by individuals who use the Lrm as either a tax shelter or a source of 
recreation. 

Moderate-size farms cover the lower end of the range in which the farm 
is large enough to be the primary source of income. However, most fam- 
ilies with farms in this range also rely on off-farm income. 
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Table 1.— Oisfribution of Farm Sizes, Percent of Cash Rcce';j>:s, 
Percenl of Fann Income, and Farm and Off-Far^it Income 
per Farm by Sales Class, 1982 



Percent Pefcenl of Percent of Average Avexage Average 

, Value of farm Number ojall total cash iretfarn nstfarm off-farm total 

^^^^ products sold of fa-ns farn^g rtcetpts tncon^ mcoT^e income mcome 

<S20.000 1.355.344 60.6 b.»> -3,8 (6l5) 20.505 19.890 

Part-time. . $20.UOO-$99.000 58t.5:<5 25.9 ?i 6 5.4 998 13.220 14.218 

Moderate . . ..S100.00O-S199.C00 180.689 8.1 \9.A 14.6 17.810 11.428 29.238 

Urge S2CO.000-S499.000 93.891 4.2 21,0 20.4 48.095 12.834 60.929 

Very large . sSSOO.OOO 27.800 1.2 32.5 63.5 504.832 24.317 529.149 

All farn^s- 2.i;39,300 ICO ICQ 100 $9,975 S17.601 S27.578 

SOURCE Zcni;i^UcmEcooomfclfuJiators lithsfirmStctOf fvome^noBaunceSf^etSatsstics, j983. oSW£canorrH;Rescaf«i 

Sen^'iBW taWe59 us^tig tarn nwcb«ardczs>ir««j:>t«:c'Stn^jwm from the r55^ Oepart- 

mcnj of Conmefce, Bureau cf tf» Census, iS34 



Large and very large farms include a diverse range of farms. The great 
majority of these farms are family ow ned and operated. Most require 
one or more full-time operators, and many depend on hired labor full 
time. The degree of contracting (monitoring and controlling production 
to produce a specified quantity of homogeneous products for a bu^er) 
and vertical integration is much higher in this class. 

To appreciate how agriculture has changed just between 1963 and 1982, 
consider the following: 

• The number of small farms declined 39 percent, while the number 
of very large farms increased by 100 percent. 

• The share of cash receipts from v ery large farms increased slightly, 
from 29 to 33 percent, while cash receipts declined from 40 to 25 
percent for small and part-time farms. 

• The share of net farm icome declined significantly (from 36 to 5 
percent) for small and part-time farms, and increased from 36 to 
64 percent for very large farms. 

These trends indicate that small and part-time fa ms no longer can 
depend on the farm to provide an adequate income. Large-scale farms 
dominate agricultu re. Moderate-size farms have a small share of th e mar- 
ket and a stagnant share of net farm income. The agricultural sector can 
be described as a bipolar, or dual sector. As the moderate-size farm dis- 
appears, it leaves small and part-time farms clustered at one end of the 
farming spectrum and large farms clusteied at the other, m terms of 
their importance to agriculture. 

If present trends continue to the end of this century, the total number 
of farms will continue to decline from 2.2 million in 1982 to 1.2 million 
in 2000 (table 2). The number of small and part-time farms will continue 
to decline, but will still make up about 80 percent of total farms. The 
large and very largn farms will increase substantially in number. Ap- 
proximately 50,000 of these largest farms will account for 75 percent of 
the agricultural production by year 2000. The trend toward concentra- 
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Table 2.— Most Likely Projection of Tola! Number of U.S. Farms 
in Year 2000, by Sales Class 



1982 2000 



Sales class 



Number Wumber 
of farms Percent of c* ^arms Percent of 
(thousands) all farms (th sands) ail farms 



Smail and paft-time . 

Moderate 

Large and very large 
Total 



1.936.9 86.0 1.000.2 80.0 

180.7 10.0 70.0 6.0 

121.7 4.0 175.0 14.0 

2.239.3 100.0 1.250.2 100.0 



tion of agricultural resources into fewer but larger faras will continue, 
although the degree of concentration will vary by region and commodity. 

Moderate*size farms will decline in number and in proportion of total 
farms, have a small share of the market and a declining share of net farm 
income. These farms comprise most of the farms that depend on agri- 
culture for the majority of their income. Traditionally, the moderate-size 
farm has been viewed as the backbone of American agriculti . These 
farms are failing in their efforts to compete for their histoiical share 
of farm income. 



Emerglitg Technologies and Future Agricufturci Production 

Like the eras that preceded it, the biotechnology and information tech- 
nology era will bring technologies that can significantly increase agri- 
cultural yields. The immediate impaCi^ of these technologies will be felt 
first in animal production. Through embryo transfers, gene insertion, 
growth hormones, and other genetic engineering techniques, dairy cows 
will produce more milk per cow, and cattle, swine, sheep, and poultry 
will produce more meat per pound of feed. 

Impacts on plant production will take longer, almost the remainder of 
the century. By that time, however, technical advances will allow some 
major crops to be altered genetically for disease and insect resistance, 
higher production of protein, and self-production of fertilizer and her- 
bicide. 

In both plant and animal production, information technologies will 
be widely used on farms to increase management efficiency . Introduc- 
ing to the marketplace these and the rest of the 150 emerging technol- 
ogies forecasted in this study .aises questions about the effects these 
technologies will have on crop yield, livestock feed efficiency, repro- 
ductive efficiency, and future food production. 

Many people are concerned that the trends of major crop yields are 
leveling off and that the u orld may not be able to continue to produce 
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enough food to meet the demand ota growing population. OTA analy- 
ses indicate that the emerging technologies, if fully adopted, will produce 
signiHcant beneficial impacts on the performance of plant and animal 
agriculture. The most dramatic impacts will be felt first in the dairy in- 
dustry, where new genetically engineered pharmaceuticals {such as bo- 
vine growth hormone and feed additives) and information management 
systems will soon be introduced commercially. New technologies 
adoptedby the dairy industry will increase milk production far beyond 
the 2.6-perC8nt annual growth rate of the past 20 years (table 3). Under 
OTA*s most likely conditions, milk production per cow is expected to in- 
crease from the 12,000 pounds in 1982 to at least 24,000 pounds by 2000, 
an annual growth rate of 3.9 percent. Applications of new technologies 
also u 111 increa e the feed and reproductive efficiency of other farm 
animals. 

Because development of biotechnology for plant agriculture is lagging 
behind that for animal agriculture, equalK significant impacts from bio- 
technology will not be felt in plant agricuKure before the turn of the cen- 
tury. Development and adoption of the new technologies under the most 
likely conditions will, in the short run, increase the rates of growth of 
major crop yieldw at about the level of historical rates of growth (table 
4). However, the nnpacts of these technologies will be substantially greater 
for plant agriculture after 2000. 

Any conclusion about the balance of global supply and demand re> 
quires many assumptions about the quantity and quality of resources 
available tc agriculture in the future. Land, uater, and technology will 
be the limiting factors as far as agriculture's future productivity is con- 
cerned. 



Table 3.— impact of Emerging Technology on 
Animal Production Efficiency in Year 2000 



Most likely Annual growth 





Actual 1982 


2000 


rate^ (percent) 


Beef: 








Pounds meat per lb feed 


0.07 


0.072 


0.2 


Calves per cow 


0.88 


1.000 


0.7 


Dairy: 








Pounds milk per lb feed 


0.99 


1.03 


0.2 


Milk per cow per year (1,000 lb) . . 


12.30 


24.70 


3.9 


Poultry: 








Pounds meat per lb feed 


0.40 


0.57 


2.0 


Eggs per layer per year 


. . 243.00 


275.00 


0.7 


Swine: 








Pounds meat per lb feed 


0.157 


0.176 


0.6 


Pigs per sow per year 


. . 14.400 


17.400 


1.1 



^Some of these figures differ from those »n (able Z Zoi the first report from this study, because actual 1982 
figures v/ere preliminary. 

SOURCE Office of Technology Assessmertt. 
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Agricultural land-that does not require irrigation is becoming an in- 
creasingly limited resource. In the next 20 years, out of a predicted 1.8 
percent annual increase in production to meet world demand, only 0.3 
percent will come from an increase in the quantity of land used in pro- 
duction. The other 1.5 percent will have to come from increases in yields— 
mainly from new technology. Thus, to a veiy large extent, research that 
produces new technologies will determine the future world supply/de- 
mand balance and the amount of pressure placed on the world's limited 
resources. 

Table 5 shows the projections to year 2000 of increased production 
for some of the major U.S. commodities, based on the above yield pro- 
jections, land availability, world demand, public policy, and other fac- 
tors. OTA analyses indicate that with continuous inflow of new technol- 
ogies into the agricultural production system, U.S. agriculture will be able 
not only to meet domestic demand, but also to contribute significantly 
to meeting world.demand in the next 20 years. This does not necessarily 



Table 4.— Impact of Emerging Technology on Crop Yields in Year 2000 

Most likely Annual growth 
Actual 1982 2000 rate^ (percent) 



Corn-bu/acre 113 139 1.2 

Cotton— lb/acre 481 554 0.7 

Rice-bu/acre 105 124 0.9 

Soybean— bu/acre 30 37 1.2 

Wheat— bu/acre 36 45 1^ 



^Some of ihese figures differ from those m table 2-2 of the first report from this study, because actual 1982 
figures were preiimtnary. 

SOURCE: Office of Technology Assessment. 



Table 5.— Projections of Major Crop Production' 



2000 



No«new- More«new- 
technology Most likely technology 
Crop Unit 1984 environment environment environment 



Com: 

Production Billion bu 7.7 8.6 9.3 9.7 

Growth rate Percent 0.7 1.2 1.5 

Soybean: 

Production Billion bu 1.9 3.0 3.2 3.3 

Growth rate Percent 3.1 3.4 3.6 

Wheat: 

Production Billion bu 2.6 3.3 3.5 3.5 

Growth rate Percent 1.5 1.9 2^ 



^he projections shown m thts table differ from those m tabie 2-3 ot the first repoU from this study, because 
the previous figures were preliminary. 

SOURCE: Office of Technology Assessment. 
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niean that the United States will be competitive or have the economic in- 
centive to produce. It means only that the United States will have the tech- 
nology available to provide the production increases needed to export prod- 
ucts for the rest of this century. 

Under the most likely environment,^ the aggregate growth rate in pro- 
duction of these commodities, virhich includes inputs of additional land 
resources and new technology, will be adequate to meet the 1.8 percent 
growth rate needed to balance world supply and demand in 2000. Un- 
derthe more-new-technology environment,^ production could increase 
at 2 percent per year, which would be more than enough to meet world 
demand. This increased production could, however, point to a future 
of surplus production. On the other hand, under the less-new-technol- 
ogy environments the production of major crops in 2000 would drop 
to 1.6 percent per year, a growth rate that would not allow the United 
States to meet world demand. 



New technologies have historically^ had significant impacts on struc- 
tural change. New disease control technologies gave poultry and live- 
stock farmers unprecedented opportunities to specialize and vertically 
integrate. Improvements in farm machinery fostered large-scale, spe- 
cialized farm units. 

Like their predecessors, the emerging technologies examined in this 
study will make a considerable impact on farm structure, especially by 
2000. Biotechnologies will have the greatest impact because they will en- 
able agricultural production to become more centralized and vertically 
integrated. Although in the long run the use of new technologies will 
not increase the farmer's overall need for capital, there will be trade- 
offs, biotechnology will require less capital, information technology will 
require more. 

The new technologies will allow increased control over end-product 
characteristics, for example less fat per unit of lean m meat animals or 
a specific color characteristic in corn. This implies that increased 
homogeneity within an agricultural product ma^ result and that there 
will be a growing number of end products with engineered characteris- 
tics. This would require less sorting or grading to achieve increased 
homogeneity and a shift toward having mure control over the produc- 
tion process so as to achieve homogeneity during production. 



Assumes to year 2C00. T) a real rate of growth in research and toitensiun cx|jenditures of 2 percent 
per year, and 2] the continuation of all other fuices thai lidve shaped iidi>t dovelupment and adoption 
of technology. 

* Assumes to year 2000 IJ a real rate of growth in research and extension expenditures ol 4 percent, 
and 2) all other factors more favorable than those of the most hkejy environment, 

'Assumes to year 2000 1) no real rate of growth m research and extension expenditures, and 2) 
all other factors less favorable than those of tho most likely environment. 
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An anticipated economic consequence of this increased control over 
production is an increase in the practice of contracting. Contracting 
allows husbandry and cultural practices to be monitored and controlled 
closely during the production process. This greater process control leads 
to uniform product differentiation. 

Biotechnologies will have relatively more important effects on resource 
concentration than will other technological developments. Even though 
mechanical technologies will continue to be important, they are not ex- 
pected to have as important an impact on future structure. In particular, 
biotechnologies are expected to encourage closer coordination and 
greater process control in livestock production, permitting more con- 
tract livestock production. One example is +he potential from these tech- 
nologies for modifying milk at the farm rather than at the processing 
plant. This technology holds promise for producing more highly unsatu- 
rated fats in milk. If adopted, it would entail close coordination at the 
producer/firsi-handler markets and additional process control at the pro 
duction level. 

The biological technologies will encourage coordination in crop pro- 
duction, as well. However, the magnitude of change in this area is ex- 
pected to be relatively less for crops than livestock. Part of the .eason 
is that biotechnologies for livestock productica are further advanced. 
The biotechnology era is expected to encourage closer vertical coordi- 
nation, with a slight reduction in market access as a consequence. This 
situation would subsequently lead to fewer but larger farms. 

The information technologies are expected to reduce barriers to entry 
and to increase market access without any significant change in verti- 
cal coordination or control at the producer/ first-handler level— especially 
for crop agriculture. Information technologies hold the potential for sig- 
nificantly increasing the amount of information across markets. This 
impact would be attributable to improved communication of buyers' 
needs to production-level managers, which shouM result in more equal- 
ity between buyers and sellers. 

The largest farms are expected to adopt the greatest amount of the 
new technologies. Generally, 70 percent or more of the largest farms are 
expected to adopt some of the biotechnologies and information technol- 
ogies. This contrasts with only 40 percent for moderate-size farms and 
about 10 percent for the small farms. The economic advantages from 
the technologies are expected to accrue to early adopters, « large propor- 
tion of which will probably be operators of large farms. 

Impcscfs of Agricultural Finance and Credit 

The severe financial stress of a large proportion of farmers and the 
recent regulatory and competitive changes in financial markets have 
combined to !*ange significantly the financial framework of farming. 
The farm of the future will be treated financially like any other business— it 
willhave to demonstrate profitability before a bank will finance itsoper- 
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ation. Managing a farm efficiently and profitably, which will neces&i 
tate keeping up-to-date technologically, will be the key to access to credit. 

The cost of credit, however, will be higher and more volatile. Interost 
on loans may be variable rather than fixed. Moreover, given the concen- 
tration in the banking industry, decisions about extending credit more 
likely will be made at large, centralized banking headquarters far removed 
from a loan applicant's farm. Loan decisions will thus be less influenced 
by the considerations of neighborly good will that frequently shaded 
decisions of local farm banks. 

Congress will have to consider all these factors because the availabil- 
ity of capital will continue to be an important factor in agricultural pro- 
duction in general and in the adoption of agricultural technologies in 
particular. Readily available capital at reasonable rates and terms, plus 
technologies that aid profitability, provide a favorable environment for 
technology adoption. Emerging technologies, for the most perrt, will pass 
the test for economic feasibility. 

The financing consequences of new technologies in agricultural pro- 
duction will probably depend on the relationships between three im- 
portant factors: 1) the financing characteristics of the new technologies, 
2) the creditworthiness of individual borrowers, and 3) the changing 
forces in financial markets that affect the cost and availability of finan- 
cial capital. The financing characteristics suggest that most of the new 
technologies should be financed largely with short- and intermediate- 
term loans that are part of the normal financing procedures for agricul- 
tural businesses. However, the technical characteristics of the technol- 
ogies, together with the factors constituting the creditworthiness of indi- 
vidual borrowers, suggest that increased emphasis in credit evaluations 
will be placed on the farmers' management capacity, on their ability to 
demonstrate appropriate technical competence in using the new technol- 
ogies, and on building human capital, v/here appropriate. In some cases— 
particularly for Farmers Home Adminstration borrowers— significant 
investments in human capital, with related financing requirements, may 
accompany new technology adoption. This is consistent with the more 
conservative responses by lenders to the dgricultural stress condiapns 
of the early 1980s Lending institutions themselves, in tarn, must bave 
sufficient technical knowledge and expertise to evaluate these manage- 
ment and credit factors along with other sources of businbbb and finan- 
cial risks in agriculture. Finally, some forms of new technolofe^ involv- 
ing large investments and having long-run uncertain returns will 
probably rely more on equity capital for financing. 

The changing regulatory and competitive forces in financial markets, 
including the preference for greater privatization of some credit institu- 
tions, means that the co5^t of borrowing for agricultural producers will 
likely remain higher and more volatile than before 1980 times and will 
follow market interest rates much more closely. Similarly, the continued 
geographic liberalization of banking and the emergence of more com- 
plex financial systems mean that the functions of marketing financial 
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services, loan servicing, and credit decisions will become more distinct, 
with an incr,easing proportion of credit control and loan authority occur- 
ring sub regionally and with regional money centers being located away 
from the rural areas. This will continue to fragment and dichotomize 
the farm-credit market so that commercial-scale agricultural borrowers 
will be treated as part of a financial institution's commercial lending 
activities and small, part-time farmers,will be treated as part of consumer 
lending programs. 

The competitive pressures on financial institutions and the risks in- 
volved will bring more emphasis on analyzing the profitability ^f vari- 
ous banking functions, including loan performance at the department 
level and individual customer level. Innovative lenders will strive more 
vigorously to differentiate their loan products and financial services, 
especially for more profitable borrowers, and will tailor financing pro- 
grams more precisely to the specific needs of creditworthy borrowers. 
In turn, however, to compete for credit services these agricultural bor- 
rowers must be highly skilled in the technical aspects of agricultural 
production and marketing as well as in financial accounting, financial 
management, and risk analysis. 

In general, most forms of new technology in agricultural production 
should meet the tests of both economic and financial feasibility, although 
the structural characteristics of the adopting farm units will continue 
to evolve in response to managerial, economic, and market factors. The 
structural consequences of these factors are severalfold: 

1. a continuing push toward larger commercial-scale farm businesses, 
with greater skills in all aspects of business management; 

2. continuing evolution in the methods of entry into agriculture jy 
young or new farmers, with greater emphasis on management skills 
and resource control and less emphasis on land ownership, 

3. the continuing development of a marketing systems approach 
toward financing agriculture, with more sophisticated skills in mar- 
keting analysis by farmers and higher degrees of coordination with 
commodity and resource markets; 

4. more formal management of financial leverage and credit by farmers, 
with greater diversity of funding sources by farmers and better de- 
veloped markets for obtaining outside equity capital; 

5 . further development in financial leasing and greater stability in leas- 
ing arrangements for real estate and other assets; and 

6. more complex business arrangements in pruuuction agriculture that 
accommodate various ways to package effectively debt and equity 
financing, leasing, management, accounting, and legal services for 
the future farm business. 



The size and, therefore, the survival of farms is affected b^ several 
factors. Clearly, there are economies of size in many commodity areas 
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covered by farm policy. These economics motivate further concentra- 
tion of resources. In addition, present farm policy, more than any other 
policy tool, makes major impacts on farm size and survival. Although 
very large farms can survive without these programs, moderate-size 
farms depend on them for their "bnrvival. 

ThisstudyfindsthatsubstanUeiJrconomiesofsizeexistforseveralma- 
jor commodities {table 6). The commodities include dairy, corn, cotton, 
wheat, and soybeans. With the exception of corn, economies of size do 
not exist uniformly in all the production areas studied for these com- 
modities. Table 6 shows the areas in which economies of size do exist. 
It should be noted that the analysis considered only technical economies 
of size. If it had also included pecuniary economies, additional produc- 
tion areas would have been found to have economies of size. 

Table 6 also shows commodities in which there will be significant gains 
in yield based on emerging technologies. All of the commodity areas ex- 
cept nee will experience substantial gains in yield as well as significant 
tjconomies of size. {No economies of size were found for rice.) Dairy, 
in particular, leads all commodities in economies of size and produc- 
tion increases from new technologies. These forces will combine to shift 
over time the comparative advantage in dairy production from the smaller 
dairies in the Great Lake States and Northeast to the larger dairies in 
the Southwest and West. 

Overall, the combination of future yield increases fro ^ -^w technol- 
ogy and current economies of size in these commodities m^ .s th at there 
will be substantial incentives for farms to grow in size. These powerful 

Table 6.— Comparison of Commodities With Current 
Economies of Size ard Future Tech5ologlcJ5:; CcJns 



Current economies of size Greatest yield increases for the future 
(In descending order) (In descending order) 



Dairy 
Arizona 



Dairy 



California Wheat 
New Mexico ^"^^^ 

Corn - Soybeans 

iilinois 

Indiana Corn 
Iowa 

Nebraska Rice 
Cotton 

Alabama C^^^o" 
Texas 

Wheat 
Kansas 
Montana 

Soybeans 
Iowa 



SOURCE Oi«ce of Tochnoiogy Assessment 
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forces^will continue, and may oven speed i.p resource concentration 
in-^U.S. agriculture. 

This study finds that farm programs, which include Commodity Credit 
Corporation (CCC) purchases and price and income supports, have ma- 
jor impacts on rates of growth in farm size, wealth, and incomes of com- 
mercial farmers. Large farms increase their net worth significantly more 
than moderate-size farms under current farm programs and large farms 
account for a significantly large share of farm program payments* In par- 
ticu.ar, price supports provide most of the wealth and growth benefits 
to large farms. 

Removing farm programs reduces the probabiL,y of survival more for 
moderate-size farms than for large farms. OTA's analyses find that large 
farms can survive and prosper without farm programs. And, because these 
farms account for the vast majority of farm program benefits, signifi- 
cant savings in Government expend itures could be realized if large farms 
were ineligible to receive program payments. 

On the other hand» this study finds that moderate farms need farm pro- 
grams to survive and besuccessful. Income supports, in particular, pro- 
vide significant benefits to moderate farms, and the targeting of income 
supports to moderate farms is an effective policy tool for prolonging 
these farms* survival. 

Those changes in tax policy that would be more restrictive have little 
impact on farm survival. Increasing the Federal tax burden on farmers 
reduces the average annual rate of growth in farm size uniformly for 
all farm sizes. 

Currently the financial position of man^ farmers ib *-..der severe stress. 
The situation is serious and may not improve for some time. Two alter- 
natives most discussed by policymake:^ are interest subsidy and debt 
restructuring programs. OTA finds that restructuring debt for highly 
leveraged farms does not appreciably increase their probability for sur- 
vival. The interest rate subsidy substantially increases average nut in- 
come more than debt restructuring. It is the more effective strategy to 
ease financial stress. In addition, large farms uith high debts are not 
as dependent on these financial programs Tor surv iv al as moderate farms 
are. 



Impacts on tho Envlronmonf cant^ Notural Resources 

In general, with a few notable exceptions, most emerging technologies 
are expected to reduce substantially the land and uater requirements 
for meeting future agricultural needs. Consequently, these technologies 
are expected to reduce certain environmental problems associated with 
the use of land and water. The technologies are thought to have benefi- 
cial effects relative to soil erosion, to reduce throats to wildlife habitat, 
and to reduce dangers associated with the use of agricultural chemi- 
cals. New till age technologies, how ev er, may reduce erosion and threats 
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to wildlife while increasing the dangers from the use of agricultural 
chemicals. 

The new technologies are most likely to receive first adoption by 
farmers vho are well financed and are capable of providing th*' Dphis- 
t; ated management required to make profitable use of the technologies. 
Most of these farmers will be associated with -relatively large operations, 
hv-ice, the technologies will tend to give additional economic advan- 
tages to large farm firms relative to moaerate and smaller farms, accen- 
tuating the trend toward a dual farm structure in. the United States. 

In addition, since many of the new technologies tend to bo environ- 
mentally enhancing, public interest exists in research and education that 
-can lead to the rapid deveIopri«>?nt and widespread adoption of the tech- 
nologies. That conclusion becomes even stronger if public policy is aimed 
at maintenance of the moderate-size farm. Larger farms, with their own 
access to research results and scientific expertise, may be able to ad- 
vance the new technologies with relatively little publicly sponsored i*e- 
search. But moderate : nd small farms will have to depend on publicly 
sponsored research irA extension education to gain access to the new 
technologies and to adapt them to their individual needs. 

The new technologies w 111 entail more stringent environmental regu- 
lations and stronger ^enforcement of regulations than at present. The 
complexities of some of the emerging technologies will p^se significant 
challenges for those promulgating wise environmental regulations. The 
economic benefits of *he technologies will be inviting, but users may 
have little incentive to use the technologies in u ays that avoid unneces- 
sary, adverse, third-party effects. Economic incenliv es or disincentives, 
including tho usc of excise taxes to discourage overuse of potentiallj 
throt * ^ning materials, represent a promising approach to the protec- 
tion of environmenial values than do direct regulation. Additional ef- 
forts to enforce existing regulations would hasten *he adoption uf the 
new technologies that seem less environmentally threatening. New reg- 
ulations will bo required, however, for dealing \\ ith some aspects of the 
emerging techn'^Jogies. 

Perhaps the most revolutionary of the new technologies are those asso- 
ciate J with rDNA. While the specific appl! ..ations of such technologies 
appear likely to reduce resource needs and threats to the environment 
that arise from agricultural activities, dangers may accompany the de- 
liberate release of genetically altered micro ganism.« The revolution- 
ary nature of the new biotechnologies and the lack of a scieutifically 
accepted predictive ecology prevent specific evaluation of resource/en- 
vironmental impacts associated with the deliberate release of new forms 
of life at this time. 

Many scir^itists see little danger in the appMcalions of rDNA technol- 
ogy in laboratory experiments. The proponents of biotechnology argue 
that genetic engineering has been used in plant breeding and animal 
husbandry for centuries and that geneticdll> enginuered micro-uganisms 
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are no more dangerous than mi^ro-organisms already in commercial 
use or that* might be used in nature. However, the opponents of delib- 
erate release argue that the new products of genetic engineering are differ- 
ent from the old ones. Scientists do not know how these new micro- 
organisms will behave in the environment and fear adverse consequences 
to the ecosystem. Both sides agree that more research should be con- 
ducted to assess the potential benefits and risks. Recently, the Environ- 
mental Protection Agency approved the first two field tests of geneti- 
cally altered organisms. 



The impacts of technological and structural change in agriculture do 
not end with the individuals who live and work on farms. A variety of 
additional consequences are expected at ihe level of rural communities, 
consequences that directly or indirectly affect farms and fanners. As with 
individual farmers, some communities are likely to benefit from change, 
while others are likely to be affected adversely. Much depends on the 
type of overall labor force in the community and on thtj opportunities 
for labor to move to other employment areas. 

Hard-hit communities may need technical assistance to attract new bus- 
inesses to their areas, to develop labor retraining programs, and to alter 
community infrastructure to attract new inhabitants. To accomplish these 
goals. Federal policy will have to be complemented by regional and lo- 
cal policies. 

Those rural communities that benefit from changes in agricultural tech- 
nology and structure may do so in several ways. For exa*^ple, as agri- 
culture becomes more concentrated, some communities will emerge as 
area wide centers for the provision of new, high-value technical services 
and products. Likewise, some communities will emerge as centers for 
high-volume food packaging, processing, and distribution. In both cases, 
the economic base of these communities is likely to expand. How ever, 
unless total demand for agricultural commodities increases substantially, 
centralization of services, marketing, and processing will be like a zero- 
sum game in many areas. The market centers will benefit at the expense 
of other communities. Many of the communities that are bypassed will 
decline as a result of the process of centralization. 

Communities also may benefit in those parts of the country in which 
the number of small and part-time farms is increasing. This phenome- 
non results in an increase in population in man> rural areas and an in- 
crease in total income and spending in some of these areas. The increase 
in small farms may sustain additional retail establishments than would 
otherwise be the case, since purchases b> small farmers may tend to 
be more from local sources than those hy larger farmers. The operators 
of these farms in many cases subsidize their oun production from off- 
farm income. 



Impacts on Rurcal Communities 
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A wide range of diversity is evident in the cha racter, ag ricultural struc- 
ture, patterns of change, and patterns of impact on rural communities 
in the five different regions of the United States studied for this report: 

1. the CATF (California, Arizona, Texas, and Florida) region; 
2- the South; 

3. the Northeast; 

4. the Midwest; and 

5. the Great Plains and the West. 

A clear picture of adverse relationships between agricultural structure 
and the welfare of rural communities is evident in the industrial-agricul- 
tural counties of the CATF region. Large-scale and very large-scale in- 
dustrialized agriculture in these communities is strongly associated with 
high rates of poverty, substandard housing, and exploitative labor prac- 
tices in the rural communities that provide hired labor for these farms. 
Very large-scale agriculture has been a strong source of employment 
in the CATF region for many years, although at very low wage rates. 
Emerging technologies may reduce the labor requirements throughout 
much of the CATF re,- 'on by 2000. Inc: .oed unemployment will greatly 
increase the strain oi aese communities. A potential exists for the CATF 
region to increase its share of national agricultural production, which 
would mitigate the trend toward increasing unemployment. However, 
increased agricultural production in this region will tend to be con- 
strained by the cost of irrigation water and the need to control environ- 
mental impacts. 

The coastal zone of the South also has a substantial potential for struc- 
tural changesimilartothatofthe CATF region. Topography and climate 
favor large-scale, labor-intensive production of fruits, vegetables, and 
dairy products. The area also has a segmented, relatively unskilled la- 
bor force that could provide a source of low-cost labor similar to that 
of the CATF region. It is difficult to generalize about the rest of the South, 
ou ing to the diversity of agricultural structure and production. Evidence 
exists of a relatively strong association between rates of unemployment 
and agricultural structure. Unemployment rates tend to be lowest in coun- 
lies with a predominance of moderate farms. 

In the Northeast, dairy products are the single most important agri- 
cultural commodity group. Because dairy farms are hkely to experience 
widespread failure dS a consequence of the combination of technologi- 
cal change and public policies, the structure of agriculture in the North- 
east is likely to change substantially during the next 10 to 15 years. How- 
ever, rural communities in the Northeast have a low overall dependence 
on income from agriculture. Most productive agricultural counties in 
the Northeast are adjacent to metropolitan areas v\here greater employ- 
ment opportunities and services are available. The most rural counties 
sometimes are not the most agricultural. Therefore, rural communities 
in the Northeast generally are not likely to experience adverse conse- 
quences from structural change, with the exception of a few localities 
with especially high dependence on dairy production* 
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No clear-cut evidence exists that rural communities in the Midwest 
were adversely affected by structural change during the 1970s. In gen- 
eral, alternative sources of employment in the manufac.turing and serv- 
ice sectors were relatively prevalent and are expecte . to continue to 
be relatively good in the Midwest. Indicators of socia. » -elfare, in gen- 
eral, tended to improve as farm structure moved from Si^iall and part- 
time farms toward moderate to large farms during the 1970s. However, 
there was a tendency for population to decline in counties where the 
share of part-ownership of farms increased. As with the Northeast re- 
gion, there is a reasonable expectation that technological change in the 
dairy industry will result in a mass exodus of small to moderate dairy 
farms during the next 5 to 15 years. Rural communities in dairy coun- 
ties may not be adversely affectedbecause off-farm employment is quite 
high in these counties. Those mixed agricultural counties on the western 
edge of the Midwest that are relatively dependent on agriculture are the 
most likely to suffer adverse consequences from structural change. If the 
percent of part-ownership increases as agriculture becomes more con- 
centrated, population, median income, and retail sales may decline in 
these counties. 

Strong potential exists for development of a high concentration of agri- 
cultural production in the Great Plains and the West, especially in terms 
of farm size, if not gross sales per farm. In turn, the number and percent 
of hired managers in this region is likely to increase. Unlike the South, 
there is a low potential for development of an industrialized agriculture 
with large numbers of hired field workers. The most likely adverse im- 
pact will be the loss of population and small retail firms in the region. 
In general, fewer alternate employment options will bu likely in manu- 
facturing and the service industries in this region than in the other re- 
gions of the country. 

This study shows clearly that policies designed to prevent or amelio- 
rate adverse impacts and promote beneficial impacts need to be crafted 
with consideration for regional structuraL'tcchnoIogical differences. Gen- 
eralizing about the impacts of changing agricultural technology and struc- 
ture on rural communities across regions of the United States difficult. 

Impescts on Agriculturai Research and Extension 

U.S. agriculture has been very successful to an important extern be- 
cause of technological advances. However, agriculture's adoption of bio- 
technology and information technology raises several questions about 
the impact of technical advances on the performance of the research 
and extension system and about how that performance will ultimately 
affect the structure of agriculture. 

Public research in the past was the driving force for agricultural pro- 
duction. Now, with the private sector becoming more involved in cer- 
tain aspects of applied research, the public sector is emphasizing m- 
creased basic research. This situation leaves open the question of who 
will do applied research in the public sector. Although the public sector 
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has allocated resources to research in biotechnology and information tech- 
nology, extension has done little to make information about these tech- 
nologies available to farmers. The extension service must thus decide 
what its mission will be, for extension policy will determine how effec- 
tive moderate farm operators will be in gaining access to new technol- 
ogy. Without such access moderate-size farms will disappear even faster. 

Consideration of specific changes in research and extension policy 
may be justified. The following areas have been identified as meriting 
consideration for policy changes: 

• The social contract on which the agricultural research and exten- 
sion system was created needs reevaluation. This issue should not 
be left for resolution by the courts. Specific guidelines must be de- 
veloped that allow the system to compete while protecting the pub- 
lic interest and investment in the agricultural research and exten- 
sion functions. Both Congress and the U.S. Department of 
Agriculture (USDA] should have a voice in this type of policy devel- 
opment. 

• Some experts believe thatincreased private sector support for agri- 
cultural research signals less need for public support. Even though 
private sector support complements pubhc support, basic biotech- 
nology and information technology research is very costly. A re- 
duced role for public research and extension would result in a slower 
rate of technological progress and a lower level of protection for the 
public. Tn addition, the public has a strong interest in maintaining 
an agricultural research component in each State to serve the 
problem-solving needs of that State's agriculture. 

• Many agricultural problems are local or regional in scope. The ap- 
plied nature of the system, having an agricultural experiment sta- 
tion and extension service in each State, has provided a unique ca- 
pacity to identify and solve local or regional problems. Reality 
suggests that only certain universities have sufficient resources to 
compete for private sector support in biotechnology and informa- 
tion technology. The result is a confluence of forces that is creating 
a dichotomy of "have" and "have not** universities. There is, how- 
ever, still an important role for even the smallest, poorest funded 
land-grant university. It plays an important part in a national sys- 
tem designed to deal with thousands of agro-ecosystems and to the 
existence of a decentralized system with nationwide capability. Be- 
cause of these inequalities, there is concern that the traditional ex- 
tension-research interaction and feedback mechanisms could break 
down, particularly in States that are not in a position to command 
a major biotechnology component. 

• The role of extension is even more important than it has been in the 
past. New, more complex products require evaluation and expla- 
nation. In States where experiment stations have attracted substan- 
tial private sector support, the product testing function can be most 
objectively performed b> extension. The recently passed 1985 farm 
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bill gives explicit authority for extension to engage in applied re- 
search functions such as product testing and evaluation. 

• While most agricultural research is not inherently biased toward large- 
scale farms, lags in adoption by small and moderate farms have the 
effect of such a bias. Unless special attention is given to technology 
generation and transfer to moderate farms, major structural changes 
could result, leading to the eventual demise of a decentralized struc- 
ture that includes moderate farms. To the extent that preservation 
of these farms is a policy objective, special funding for and empha- 
sis on the problems of technology generation and the transfer ^ 
that technology to moderate farms is warranted. 

• Although the agricultural research system has received the bene- 
fits of increased funding from both private and public sources, ex- 
tension funding has not materially increased. As a result, extension 
staff at the county and specialist levels are being caught up in a whirl- 
wind of technological change. The result is a need for the injection 
of substantial staff development funding into the extension system. 

• Bas?c organizational issues must be addressed by the Extension Serv- 
ice. The premise on which extension was developed was that of re- 
search scientists conveying the knowledge of discoveries to the ex- 
tension specialist who, in turn, supplied information to the county 
agent who then taught the farmer. Over time, this concept has grad- 
ually but persistently broken down as agricultural technology has 
become more complex and insufficient resources have been devoted 
to staff development. Consequently, more emphasis has been placed 
on direct specialist-to-farmer education. More specialists have been 
placed in the field to be closer to their clientele, but at the cost of 
less contact with research scientists. As these changes have occurred, 
the role of the county agent has become increasingly unclear. Ap- 
preciation for and use of county agents as educators and technol- 
ogy transfer agents has declined. As a result of these changes, a basic 
structural reevaluation of the organization of the extension function 
of the agricultural research system is needed. 

IMPLICATIONS AN9 peilSY OPTIONS 

The Issuo of Farm Structure 

This study indicates that the process of structural change in agricul- 
ture has already begun. Based on a continuation of current policies, past 
tren ds, and future technological expectations, the net result of thib btruc 
tural change could be the development f ^ -j. Tarm structure composed 
of three agricultural classes: 

1. The/ar^e-sca/e/amse^mejjfwouldbecomposed of a relatively small 
number of farms that produce the bulk of U.S. production. By year 
2000 there could be as few as 50,000 large-scale farms producing 
as much as three-fourths of the agricultural production. This large- 
scale farm segment would be highly efficient in the performance 
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of production, marketing, financial, and business management func- 
tions. Such farms would be run by full-time, highly educated busi- 
ness managers. Barring unforeseen acts of nature, farm operators 
would be able to predict their chances of making a profit before plant- 
ing or breeding. 

2. The struggling moderate-size farm segment would be trying to find 
a niche in the market and survive in an industrialized agricultural 
setting. The potential for the moderate farm finding that niche is 
rapidly becoming the center of the farm policy debate* Tradition- 
ally highly productive, efficient, moderate-size, full-time farms have 
been the backbone of American agriculture. It is still true that a mod- 
erate, technologically up-to-daie, and well-managed farm with good 
yields is highly resilient. One key to the success of these farms clearly 
lies in the management factor. But more often than not, manage- 
ment has to be willing to accept a relatively low return on invested 
capital, time, and effort. With ever-increasing educational require- 
ments associated with farming, there will likely be less willingness 
by successful managers of moderate farms to accept a lower return 
for their services and for invested capital. Another key to the sur- 
vival of moderate farms lies in access to state-of-the-art technologies 
at competitive prices. Cooperatives traditionally have performed 
that role. But cooperatives by and large are not conducting or fund- 
ing basic or applied research in biotechnology and information tech- 
nology. A'so, like their predominantly moderate-size farmer mem- 
bers, cooperatives, too, have encountered financial difficulty. 

3. The small, predominantly part-time farm segment tends to obtain 
most of its net income from off-farm sources. However, this seg- 
ment is highly diverse. It includes wealthy urban investors and 
professionals who use agriculture primarily as a tax shelter and/or 
country home. It also includes would-be moderate farm operators 
who are attempting to use off-farm income as a means of entering 
agriculture on a full-timebasis. Finally, this segment includes a num- 
ber of poor, essentially subsistence, farmers who are vestiges of the 
war on poverty in the 1960s. Such farmers remain a significant so- 
cial concern that must be dealt with from a policy perspective, al- 
though traditional farm price and income policy hold no hope for 
solving their problems. 

Contemporary farm programs have fostered this trend toward three 
farm-size classes. Payments to farmers on a per-unit-of-production basis 
concentrate most of the benefits in large farms that produce most of the 
output. Large farms have been in the best position to take advantage 
cfnew technologies arising out of the public sector agricuUural research 
system. 

Without substantial changes in the nature and objectives of farm pol- 
icy, the three classes of farms will soon become two— the moderate-size 
farm will largely be eliminated as a viable force in American agriculture. 
In addition, the problems of the small subsistence farm will continue to 
fester as an unaddressed social concern. 



32 



32 



This section summarizes the policy changes that would be required 
if it were decided by Congress that overt steps should be taken to foster 
a diverse, decentralized structure of farming where all sizes of farms 
had an opportunity to compete and survive in a time of rapidly chang- 
ing technology. The objective of giving every farm the opportunity to 
compete and survive does not imply an unchanging and stagnant farm 
structure. It does imply a poLlical and social sensitivity both to the im- 
pact of current farm programs on farm structure d.id to the different 
needs of large, moderate, and small farms for Government assistance. 
It canbe expected that regardless of what Government does fewer com- 
mercial farms will exist in year 2000. However, Government can do much 
to ease the pain of adjustment. 



Substantive changes in policy direction are needed to address the struc- 
ture issue. Specifically, separate policies and programs must be pursued 
with respect to each of the three farm segments— large farms, moderate 
farms, and small farms. The choice of any one set of policies to the ex- 
clusion of the other policy sets would imply that Congress desired to 
selectively enhance the status of one farm segment. 

Policy for all farmers implies two basic policy goals: 

• All farmers need to operate in a relatively stable economic environ- 
ment where they have an opportunity to sell what they produce. 

• All farmers need a base of public research and extension support 

hereby they can maintain their competitiveness in the markets 
in which they deal. 

The needs of large farms can be met by addressing just these goals. 
The needs of moderate and small farms are more complex, however. 
Policy to address the needs of moderate and small farms must include 
the elements of large farm policy as well as additional elements. 

Policy for Largo Commercial Farms 

A basic conclusion of this stud> is that large-scale farmers do not need 
direct Government payments and/or subsidies to compete and survive. 
However, this does not preclude the need for a commercial farm pohcy. 

The criteria for determining what constitutes a large-scale farm is im- 
portant but also somewhat arbitrary. The dividing line developed from 
this study is about $250,000 in sales for a crop or dair^ farm unit under 
single ownership or control. This lev el of sales is generally required to 
achieve .ost of the economies of size found to exist in agricultural pro- 
duction.« Over time, tlus optimum size has had, and will continue to 
have, a tendency to increase. As this occurs, the farm size criteria for 
limiting program benefits would likewise have to increase. 



•*Thc $250,000 figuru ii> bci&ed uit oui»:>it'> Jdla ihu ecuiiumie:> of ^>^^o tin«iKoi'» disuuobed piuviuusl^ 



Required Policy Adfustments 
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Creating a Stable Economic Ep ironment— The policy goal of creat- 
ing a relatively stable economic environment vihere farmers have an 
opportunity to sell what they produce implies the following major farm 
program initiatives: 

• Direct Government payments to all farms having ov er $250,000 in 
sales would be eliminated. This implies the elimination of the target- 
price concept for this sales class. Elimination of payments to those 
farms would significantly reduce Government expenditures in agri- 
culture. 

• The nonrecourse loan would be converted to a recourse loan. The 
nonrecourse feature has resulted in the accumulation of large Gov- 
ernment com*^odity stocks. The recourse feature would provide 
a continuing base of support for the orderly marketing of farm 
products. 

• Aside from the recourse price support loan, GovoiUment credit to 
farms having over $250,000 in sales would not be available. 

• An expanded international dev elopment assistance program w ould 
be established. Such a program would hav e to include an optimum 
balance of commodity aid and economic development aid. Its pri- 
mary objective would be to help dev eloping countries improve eco- 
nomic growth, thus becoming better future customers of American 
agriculture. 

• A balanced macroeconomic policy that facilitates growth of export 
markets and maintains a relatively low real rate of interest would 
have to be maintained. 

Maintaining Technological Competitiveness.— The technological com- 
petitiveness of American farmers would be aided by continuing a pol- 
icy that encourages public and private investment in agricultural re- 
search. The major thrust of the research and extension progra: 3 they 
affect larger scale commercial farms would be as follows; 

• The trend tow ard increased public sector emphasis on basic research 
would be continued. Increased reliance would be placed on the pri- 
vate sector for applied research ia the dev elopment of new products. 

• Even though public sector research would be aimed more toward 
basic research, an important problem-sol v ing component w ould be 
maintained to adopt new technologies to various agro-ecosystems 
and to maintain newly achieved productivity from the evolution 
of pests and disease, decline in soil fertility, and other factors. 

• Extension's role in direct education of, or consultation with, large- 
scale farmers would be deeii*phasized. Private consultants could 
play an increased role in technology transfer to the large-scdle farm 
segment. 

Policy for Moderaie-Sizo Farms 

Policy for moderate farms includes the afurementiunud options as well 
as additional options tailored specifically to the needs of moderate farms. 
OTA finds, for example, that moderate farms hdv ing $100,000 to $250,000 
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in gross sales face major problems of competing and surviving in the 
biotechnology and information technology era. Some moderate farms 
will survive and some will not. This latter group should be assisted in 
their move to other occupations. 

Policy for moderate farms requires the same stable economic envi- 
ronment and base of support for agricultural research and extension 
as for large farms. But, in addition, the following specific policy goals 
for moderate farms can be specified: 

• The risk of moderate farmers operating in an open market environ- 
ment would be reduced. 

• New technologies that ha\ e the potential for adoption would be avail- 
able to moderate farmers. 

• Opportunities for employment outside agriculture would be created 
for those farmers who are unable to compete. 

Diligent enforcement w ouldbe needed to assure that the benefits of pro- 
grams established to favor moderate farms are limited to those farmers 
for whom they are intended. 

Reducing Risks to Moderate-Size Farms. - The most difficult obstacle 
to survival facing the moderate fu^n is that of managing risk. Three op- 
tions, that are not necessarily mutually tJAclusive, could reduce the risks 
confronting moderate farms. 

1. Income protection could bt} provided through either a continuation 
of the current target-piice concept for moderate farms only or 
through a device known as the marketing loan. Like the current non- 
recourse loan, the marketing loan is a lodn from the Government 
on commodities in storage. If the commodity is sold for less than 
the loan value, the farmer pays back only those receipts to the Gov- 
ernment in full payment of the loan. The marketing loan, in essence, 
becomes a guaranteed price to the producer. The level of the mar- 
keting loan should be no greater than the average cost of produc- 
tion for moderate farmers. 

2. The noniecourse loan i ncept could be continued for moderate 
farms. However, the noiuecourse loan level should not be set any 
higher than the recourse loan suggested prev iousl> for large farms, 
or else the Government could end up acquiring most of the produc- 
tion from moderate farms, 

3. Sharply increased assistance could be provided by the public sec 
tor to reduce the risk to moderate farms. Such a&sistance could be 
in the form of educational programs for example, on risk manage- 
ment, futures markets, contracting, and cooperative marketing. 

Technology Availability and Transfei to Moderate-Size Farms.— OTA 
finds that agricultural research, as a general rule, is not inherently bi- 
ased against moderate fcirms. Rather, muaerate farrub ma> be seriously 
disadvantaged either by lags in adoption or b> lack of access to competi- 
tive markets for the products produced by nev\ technology. The follow- 
ing initiatives could help curtail such problems of technology availabil- 
ity and transfer. 
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• Extension's evaluation of the increasing number of new products 
entering the market would be intensified. This increased effort would 
play the dual role of: 1) providing a check on the efficacy and effi- 
ciency of new products in biotechnology and information technol- 
ogy, and 2) eliminating the costs associated with individual farmer 
experimentation with those new products. 

• Extension technology transfer services would be aimed specifically 
at moderate-size farms. The primary goal of such programs would 
be to ensure the same schedule of adoption of technology for 
moderate-size as well as large farms. 

• The development of cooperatives that emphasize technology 

ply and transfer services to moderate farms would have to be w.*- 
dertaken. 

• Ample credit would have to be made available to moderate-size farms 
that have the potential to survive and grow. Government credit in 
concert with cooperative credit could be aimed specifically toward 
filling the needs of moderate-size farms. Emphasis should be placed 
on credit required to keep moderate farms technologically up-to-date. 

Transition Policy to Other Agricuitu* ai Enterprises or Nonfarm Em- 
ployment.—Regardless of the effectiveness of the initiatives discussed 
above, an accelerated need exists to assist farm families to either move 
to other agricultural enterprises or out of agriculture into other occupa- 
tions The need arises, therefore, for specific public action to facilitate 
the farmer's transition from the current farm operation into gainful, 
productive employment elsewhere. Specific initiativ es lo ease this proc- 
ess include the following: 

• New opportunities for employment of displaced farmers need to 
be explored and developed within agriculture as the industry con- 
tinues to evolve. 

• To facilitate the transition to nonfarm jobs, special skills training 
programs aimed at those areas where significant employment op- 
portunities exist must be considered. Jobs in rapidly grov\ ing serv- 
ice, health care, or care-for-the-aged industries provide contem- 
porary examples. 

• Financial assistance, similar to the famous G.I. bill, might be estab- 
lished to assist displaced farmers or rural residents during the period 
of transition while skills training is being received. 

• In areas of severe financial stress, assi.«t<iiice ma> be provided in 
the form of Government purchase of land or production rights from 
displaced farmers at its "long term fair market v alue.'* The returns 
from the land could be used by the displaced farmer for relocation 
and retraining. The Government could retain the land in conserva- 
tion reserve status until it is needed for future production. 

Policy for Smali/Parf-Time Farms 

Policy for small/part-time farms includes sev eral elements in addition 
to those mentioned under large farm policy. 
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With few exceptions, small farms, those having less than $100,000 in 
sales, are not viable economic entities ih the mainstream of commercial 
agriculture— nor can they be made so. However, even a small increase 
in their farm income coi' J have a significant multiplier effect on the 
local economy because of the large number of small farms. These farms 
survive because their operators ha* e ^substantial outside income (part- 
time farmers), or because they have found themselves a niche in market- 
ing a unique product with special services attached (often direct to con- 
sumers), and/or because they are willing to accept a very low return on 
resources contributed to the farming operation. 

For the small farmers who have substantial outside income or who 
have found a niche in the market, Government's role would be severely 
restricted. They are as much able to take care of themselves as owners 
of large farms. 

However, small subsiste*^ ^ e farmers who have limited resources, and 
often limited revealed abilities, represent a genuine problem for which 
public concern is warranted— these indeed are the rural people left be- 
hind. Price and income support programs have done and can do little 
to solve theirproblems. The^e impoverished individuals area social and 
economic problem. The following suggestions are made for dealing with 
the problems of subsistence farmers: 

• Initiate a special study to identify those individuals and their spe- 
cific statuses and needs. Develop social programs to meet those 
needs. 

• USDA and the land-grant university bear a special burden of respon- 
sibility for serving the needs of these subsistence farmers. This 
responsibility has not generally been realized and, therefore has not 
been fulfilled. In the South, this responsibility falls particularly heav* 
ily on the 1890 land-grant universities in concert with the statewide 
extension education programs and the 1862 land-grant universities. 
In the North, the responsibility for serving the agricultural educa- 
tional and research needs of subsistence farmers falls exclusively 
on the 1862 land-grant universities. 

• USDA and these land-grant universities could be ua ected to develop 
jointly a plan for serving the agricultural research and educational 
needs of these farmers. Such a plan could include the delivery of 
farming, credit, and marketing systems designed to maximize the 
small farm's agricultural production and earning capacity. 

• Specific farming systems must be developed tu ^erve specifically 
the needs of small subsistence farms. Such systems should, to the 
extent practicable, encompass the use of new technologies. 

• Credit delivery systems for small subsistence farmers could be de- 
veloped specifically by USDA through the Farmers Home Admin- 
istration. Such systems should consider the unique capital and cash 
flow-limiting factors associated with subsibtence farmers who are 
often not in a position to take advantage of other farm programs 
such as price and income supports. 
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• Marketing programs geared to subsistence agriculture ar'^^essen- 
tial for providing hope for this farm segment. The difficulty lies in 
the inability of these farmers to obtain access to the mass markets 
through which most agricultural production moves. 

Policy for Rural Communities 

The impact of adjustment in agriculture to changing technology will 
by nc.means be limited to the farm sector. Rural com^munities will be 
at least equally affected by increasing farm size, integration, and mod- 
erate farm displacement. Although, these effects will be felt initially by 
implement dealers, farm supply and marketing firms, or bankers, the 
reverberations will extend throughout the commmunity in terms of em- 
ployment levels, tax receipts, and required services. Rural communities 
should assess these impacts and prepare to make needed adjustments. 
To ease the pain of adjustment the following actions are suggested: 

• Comprehensive programs for community redevelopment and 
change need to be initiated throughout rural America. Such devel- 
opment plans should be fostered and facilitated hy Federal and State 
government agencies. 

• Increased employment opportunities in rural areas cuuld be fostered 
by aggressively attracting new business activ ities in rural commu- 
nities. Particular emphasis would be placed on attracting those bus- 
inesses that develop technologies and servo the needs of high- 
technology agriculture in rural areas. 

• Rural communities could be assisted in dev eloping and moderniz- 
ing the infrastructure needed to be a socially and economically at- 
tractive place to live. Some rural communities can serve as an at- 
tractive retirement residence for an aging population. But this would 
ruquire that a higher level of social services be developed. 

• Rural communities need to play a vital role in skills training for dis- 
placed farmers and rural community employees. School and univer- 
sity outreach programs could be modified to serve this important 
role. 

Policy for Technology or "tnvlronmontal Rosourco Ad{u$ffmoR» 

One of the major reasons th American agriculture has been so produc- 
tive is because technological change has been fostered by ^he public sec- 
tor and nurtured by a profit-seeking private sector. As a result. Amer- 
ican consumers have enjoyed a plentiful supply of low-cost food and 
natural fiber In addition, agricultural exports have made a major con- 
tribution to the overall development of export markets, to the benefit 
of the general economy. Biotechnology and information technulogy 
promise to offer more of the same, with the added bunus of less chemi- 
cals used in the production of food-whether for the control of pests, 
disease, and weeds, or for the production of commercial fertilizer. 

Maintaining the productivity and competitiveness of U.S. agriculture 
m the public interest requires a balance between public and private sec- 
tor support for te:hnological change. Yet it would be wrong to imply 
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that there are no risks. The conferring of property rights on discoveries 
of the agricultural research system has shifted the agricultural research 
balance between the public and private sectors toward the private sec- 
tor. While the effects of this shift appear to be positiv e, concerns exist 
that a substantial portion of the benefits of even public research could 
be captured by private firm interests. Distribution of these ben ^fib iiia> 
be so unequally distributed that competitive performance is impaired.' 
In addition, no scientifically accej able methodology exists for weigh 
ing the risks or hazards of biotecLtiulogy research. To deal with such 
issues, the foUcwing policy sugj/estions are made: 

• Steps should be taken to secure the public interest on which the 
USDA and land-grant university agricultural research system has 
been based. Assurance must be provided that the benefits of pub^ 
licly supported research and extension are not captured in the form 
of excess profits by the private sector based on research property 
rights and increased private sector funding of public research. The 
effect would be to stifle the process of discov er> and the dissemina- 
tion of new knowledge. 

• Major investments must be made to foster the development of hu- 
man capital that is in d position to cope with the process of rapidly 
changing agricultural technology. This need extends from the train 
ing and development of the most basic biological research scien- 
tists, through the extension specialist and county agent, to the farmer 
who adopts the new technology and the banker who supplies the 
loan for its purchase. 

• Little is known about the adverse impacts of potential biotechnol 
ogy developments on the ecosystem. These risks must be carefully 
assessed, monitored, and where necessary, regulated. Care must 
betaken, however, not to overregulate and thereby stifle the poten- 
tial competitiveness and productivity of U.S. agriculture. 

SUMMARY eONCf.USION 

Thebiotechnology and information technology revolution in^Jgricul- 
tural production has the potential for creating a larger, safer, less ^xpen 
sive, more stable, and more nutritious food supply . Yet it u ill exact sub 
stantial co:>ts in potential adjustment problems In the jgr icultural sector 
and i.. :»iral communities. Those costs can be minimised by eareful anal 
ysis» planning, and implementation. This study is only the first step in 
that direction. 



NOTE: Copies of the full report "Technology, Public Poli- 
cy, and the Changing Structure of American Agriculture" can 
be purchased from the Superintendent of Documents, U.S. 
Government Printing Office, Washington, DC 20402, GPO 
stock No. 052-003-01U18-6. 
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Af tosf monts in Progress 
as of Mcirch 1986 



Technologies To Ma ntain Biological Diversity 

Integrated Renewable Resource Management for U.S. Insular Areas 

Low Resource Agriculture in Developing Countries 

Evaluation of Agent Orange Protocol 

Technology and Indian Health Care: Effectiveness, Access, and Efficiency 

Technologies for Detecting Heritable Mutations 

Technologies for Child Health 

Life-Sustaining Technologies and the Elderly 

Disorders Causing Dementia 

NW Developments in Bijtechnologjr' 

Teciinology and the American Economic Transition 

Western Surface ? tine Permitting and Reclamation 

High-Technology Ceramics and Polymer Composites 

Technologies for Prehistoric and Historic Preservation 

International Competition in the Service Industries 

Reduction of Industrial Hazardous Wastes 

Technology Transfer to China 

Alternatives for Improving NATO's Defense Response 

Intellectual Property Rights in an Age of Electronics and Information 

Nevv Communications Teohnolog). Implications fur Privacy and Security 

Wastes in the Marine Environment. Their Management and Disposal 

Technologies To Control Illegal Drug Traffic 

Hazardous Materials Transportation; Technology Issues 

Science Policy Special Projects 

(NOTE. For brief descriptions of these studios in progress, see OTA 
bookldt on "Assessment Activities"— available from OTA's Publishing 
Office, 224.8996.) 
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General Inffersncition 



Contacts Within OTA 

OTA offices are located at 600 Pennsylvania Ave , S.E , Washington, 
DC. 



Personnel Locator 224-8713 

Publication Requests 224-8996 

Office of the Director 224 3695 

Congressional and Public Affairs Office 224-9241 

Energy, Materials, and International Security Division 226-2253 

Health and Life Sciences Division 226-2260 

Science, \ iformation, and Natural Resources Division . . . .226-2253 
Administrative Services 224-8712 



Reports and InffornscstiOTi 

To obtain information on availability of published reports, studies, 
and summaries, call the OTA Publication Request Line (202) 224-8996, 

Information on the operation of OTA or the nature and status of on- 
going assessments, write or call: 

Congressional and Public Affairs Office 
Office of Technology Assessment 
U.S. Congress 
Washington, DC 20510 
(202) 224-9241 

ether OTA Publications 

List of Publications.— Catalogs by subject area all of OTA's published 
reports with instructions on how to order them. 

Assessment Activities.— Contams brief descriptions of recent pub- 
lications and assessments under waj-, vvith estimated dates of com- 
pletion. 

Press Releases.— Announces publication of reports, staff appoint- 
ments, and other newsworthy activities. 

OTA Annual Report.— Details OTA*s activities and summarizes re- 
ports published during the preceding year. 

OTA Brochure.— "What OTA Is, What OTA Does, Huw OTA Works." 
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